A wind power time-series model is needed to make research about wind power integration, but most existing studies about wind power output reconstruction is based on single time scale. This paper discusses how to reconstruct wind power output on multiple time scales. The importance of wind power reconstruction technology is illustrated, a method of short-term reconstruction based on ARMA is put forward, and a method of long-term reconstruction based on MCMC is proposed. Calculation results show that the above methods are effective in solving the problem of the demand for wind power simulation data in wind farm planning, and has practical value in the consequential study on wind power capacity credit and reliability assessment of wind power integrated systems.
Introduction
The wind power technology has demonstrated a rapid growth in recent years [1] . Wind power is abundant in China and the appropriate use is important for reducing energy resource pressure.Wind power is stochastic and fluctuant, which brings numbers of obstacles in the consumption of wind power [2] . So the construction of time series model of wind power is important. Time series models can be classified into two cases: prediction model on short-term scale and simulation model on long-term scale. General modelling method for the latter one includes time series model [3] , artificial neural networks [4] , etc. Long-term model is mainly used for the estimation of influence on systems caused by wind power integration. Wind power reconstruction is an essential process, which provides essential data according to different time scales for reliability assessment of wind power integrated system [5] , wind power capacity credit calculation and probabilistic power flow calculation [6] . This paper discusses how to reconstruct wind power output on multiple time scales. The mainly method used in this paper are time series method and Markov Chain Monte Carlo method.
Short-term Wind Power Reconstruction Based on Time Series Method Essential Principles of Time Series Method
Time series are stochastic series arranged by the time order or are a set of sequential stochastic variables defined in a probability space. So called time series analysis is to build a math-model using statistics method and use the model to make predictions or control actions of relevant series.
Modelling process
Step 1. The Process of Original Data. Quantities of wind speed sequence are unsteady, which makes the steadying process of original data necessary. The most common approach is to make use of the ordered differential operator  =1-B and
Step 2. The Recognition of Model. The second process is to recognize the most appropriate model to fit the steady sequence. Reference [7] analyzed the relativity of AR, MA and ARMA model and proposed a method of model recognition, which is illustrated in table 1. Step 3. The Order Determination. Assume the original sequence is a zero-mean steady normal MA (q) sequence. Collect the q which satiesfies the condition that the probability of ˆ2 / k ρ N  achieves 95.5% of total quantity M which is about M/10 firstly as the censoring point of auto-correlation function, namely the order of MA (q). AR (p) and ARMA (p, q) are similar.
Step 4. The Estimation of Arguments. AR (p) model is illustrated as an example below. The following equations are used to estimate the arguments.
The arguments of MA (q) and ARMA (p, q) can be obtained using the similar approach.
Step 5. The Test of Model. Not every built model is effective so the test of model is necessary. This paper uses a method called auto correlation testing which demonstrates the effectiveness if the residual sequence between estimation values and original values is white noise.
Long-term Wind Power Reconstruction Based on MCMC Method Essential Principles of MCMC Method
The Monte Carlo method is based on the probability statistics, which regards random sampling as main calculation approach [8] . Assume that {Xt : t≥0} is a stochastic sequence and the set S assembled by all possible values is named state number. If any t ≥0 and any state st+1, st,…, s0 has the feature of P(Xt+1=st+1 | Xt =st,…, X0 =s0)=P(Xt+1=st+1 | Xt =st), the sequence {Xt :t ≥0} is called a markov chain. Assume a transfer matrix P in which the element in row i column j is called P (i, j) and P (i, j) stands for the transfer probability from state si to state sj. Because of the convergence of markov chain, the transfer sequence after n steps xn, xn+1,… will conform to the target distribution.
Modelling Process
Step 1. Define the State of Random Variables. The range of wind speed in actual wind farm is wide so the first step is to select a reasonable state number N and classifies the wind speed at each time point into different states. After this step the original data is transformed into a discrete state.
Step 2. Structure State Transfer Matrix. Generate an N mutiplied N zero-matrix, observe each element of original sequence, and add one to corresponding element smn if there is a transfer from state m to state n. At last, divide each element in the matrix S by the sum of the elements in the line.
Step 3. Construct the cumulative probability transfer matrix Pcum. The construction method of the cumulative probability transfer matrix Pcum is shown as follows:
Step 4. Generate Random State Series. a) Suppose the initial wind speed is m. b) Generate a random number u~U (0, 1). c) Compare the size of the row m element in u and Pcum. If pcum, mn<u< pcum, m (n+1), the next state is n. d) Continue step c until obtain enough points.
Step 5. Construct Wind Speed Time Series. In this paper, state n is converted to the corresponding wind speed by the following formula X=Xn, min + u (Xn, max-Xn, min), in which X is the simulation wind speed of that moment and Xn, max is the upper limits with Xn, min being the lower limits of the wind speed range of state n.
Calculation Examples

Short-term Wind Power Reconstruction Model
This section realizes the short-term wind power reconstruction model by using the ARIMA model. The data used is practical data in a certain wind farm abroad from January 1, 2015 to January 21, 2015. The first 450 points are used to build models with the last 40 points for testing models. First, test the steadibility of the original data using the test criterion whether the auto-correlation function of the original can quickly decrease to zero. It can be seen that the auto-correlation function cannot decrease to zero quickly, which indicates that the original series is not stable and it needs to be processed stability test. Make one order difference on the original sequence and the testing result is that the new sequence is steady.
After order determination and arguments estimation, choose ARIMA (2, 1, 2) as the optimal solution. Simulation program is compiled in Matlab and establish the reconstruction series. The comparison shown in figure 1 shows that the reconstruction series and the original series have almost the same variation tendency, which proves that the modeling method is effective. 
Long-term Wind Power Reconstruction Model
This section establishes the long-term wind power time series model with MCMC method. We first obtain wind speed data and then convert it into wind power data by using the power curve of wind turbine. The simulation of wind speed sequence is established by using MCMC method in the period of month, and the simulation length is 4 years. The figure shows that simulated series in different state numbers has almost the same trend with the original series, which demonstrates the effectiveness of MCMC method. We calculate mean value and standard deviation, probability density function (PDF) and auto-correlation function (ACF) to evaluate the effectiveness quantitatively. Data in Table 3 proves that the simulated data can maintain the basic statistical characteristics of original series. Although the mean value and standard deviation of each simulation are not exactly the same, it basically fluctuate around the corresponding statistical arguments of the original series.
The contrast in Figure 3 shows that PDF under different states are closed and they fluctuate around PDF of the original data with uncertainties. With the increasing of the number of states, the simulated series fitting on the probability density function are more accurate. Figure 4 shows the comparison of the ACF of the simulated series and the original series. As seen from the graph, ACF becomes larger when the number of states increases. This is because the auto-correlation function of the series enhances when discrete state number increases, which causes the next state of the simulation sequence is more inclined to the previous state. 
Conclusion
This paper focuses on the demand for essential data of wind power integrated systems and proposes short-term wind power reconstruction with time series method and long-term wind power reconstruction with MCMC method. The calculation case based on practical data in a certain wind farm abroad demonstrates that the ARIMA model has simple structures with fast calculation speed and is relatively effective when the request of accuracy is not high, and the reconstruction model built by MCMC method has satisfying accuracy of statistic characteristics and is capable of providing essential data for the study of wind power integration. The study in this paper fills the vacuum of wind power reconstruction based on multiple time scales, satisfies the damand for wind power simulated data used for wind farm planning effectively and has practical value in the consequential study such as wind power capacity credit and reliability assessment of wind power integrated systems.
